• To come up with a mechanistic understanding of hydrogen embrittlement in pipeline steels in order to devise a fracture criterion for safe and reliable pipeline operation under hydrogen pressures of at least 7MPa and loading conditions both static and cyclic (due to in-line compressors)
• To mitigate hydrogen-induced failures by studying the effect on the fracture processes of internal coatings and water vapor/oxygen
• Development of such a fracture criterion and mitigation requires -Identification of deformation mechanisms and potential fracture initiation sites in the presence of hydrogen solutes -Measurement of hydrogen adsorption, bulk diffusion, and trapping characteristics of the material microstructure in both coatings and pipeline steels -Finite element simulation of hydrogen diffusion and interaction with material elastoplasticity under high-pressure hydrogen gas environment Approach 5
• Solve the coupled problem of material elastoplasticity and hydrogen diffusion at the neighborhood of a crack tip accounting for stress-driven diffusion and trapping of hydrogen at microstructural defects.
-Finite element calculations will provide hydrogen concentration profiles ahead of the crack tip as a function of time in terms of the applied load and rate of loading
• Identify mechanisms and potential fracture initiation sites -Our contention, which needs to be verified through experiment, is that embrittlement is a result of the synergistic action between decohesion at an inclusion/matrix interface (void nucleation) accompanied by shear localization in the ligament between the opening void and the tip of the crack -Use experiment, thermodynamics, first principles calculations and the calculated hydrogen amounts to study the cohesive properties of particle/matrix interfaces as affected by the presence of hydrogen solutes
• Develop a mechanistic model that incorporates the above mechanisms to establish the intrinsic fracture toughness of the material in the presence of hydrogen -See slide #9 for an example case study
• Carry out experiments and simulations of crack propagation (subcritical crack growth) to determine -The hydrogen effect on the onset of crack growth as described by the extrinsic fracture toughness phrased in terms of the J-integral, J IC -The stability of crack propagation to assess catastrophic eventualities Progress to Date • Determine feasibility of using equilibrium criteria to address decohesion at internal interfaces. If not feasible, transient models will be explored via continuum mechanics models (fast-separation limit for interfacial thermodynamics) Interface and unit cell under shear
Hydrogen Safety
• Experimental work on hydrogen-induced material deformation and fracture at 1Atm pressure will be done at the Frederick Seitz Materials Research Laboratory (an interdisciplinary research center funded by the Department of Energy) of the University of Illinois -Hydrogen-related safety procedures are already in place according to the University of Illinois regulations on safety. These procedures were followed for hydrogen-related work that was carried out at the Laboratory over the past 20 years.
• Experimental work at pressures >1Atm will be done at the Oak Ridge National Laboratory and Savannah River National Laboratory -Both Oak Ridge and Savannah River have hydrogen-related safety procedures in place as high pressure experimental work has already been conducted there.
